). An EMS screen over the Lyra 1 deficiency permitted isolation of other alleles of sens: E1, E2, E53, E54, E58, and § To whom correspondence should be addressed (e-mail: hbellen@ bcm.tmc.edu).
alleles cause similar phenotypes, but much of the phechordotonal organs (Jan and Jan, 1993). The latter two types of organs consist of four cells: a neuron, a glial notypic analysis was carried out with allele E2.
As none of the sens alleles causes a dominant wing cell, and two support cells (see inset in Figure 1 ). These originate from the SOPI that produces the SOPII a and phenotype, the phenotype associated with Lyra 1 may map elsewhere. However, the following data support b. As shown in Figures not in wild-type control embryos (Abrams et al., 1993) .
isolation of a cDNA that identifies a transcript of ‫8.2ف‬ kb on Northern blots (data not shown). To demonstrate Similar data were obtained by in situ hybridization with grim, a marker for apoptotic cells in Drosophila (data that this cDNA corresponds to the sens gene, we determined the structure of the gene by sequencing both the not shown) (Chen et al., 1996). As we did not observe alterations in the expression of dacapo, a cyclin-depengenomic area and cDNA (GenBank accession numbers AF212313 and AF212312). This allowed us to establish dent kinase inhibitor expressed in terminally dividing cells of the PNS (data not shown) (de Nooij et al., 1996;  that an 11 kB fragment shown in Figure 2 does not contain significant open reading frames other than those Lane et al., 1996), we conclude that the severe loss of PNS cells in late embryos is due to apoptosis of SOPIIs encoded by sens. This genomic fragment fully rescued the lethality of seven sens mutations in trans to each and/or differentiating cells of the PNS.
other, demonstrating that the cDNA corresponds to the sens gene.
sens Encodes a Zn Finger Protein with Homology
The Sens protein, deduced from the sequence, conto Pag-3 and Gfi-1 tains 541 amino acids and a nuclear localization signal The sens gene was isolated by positional cloning. As (PIVRKFK; Figure 2B ). The only domain that shows hoshown in Figure 2 , the sens 1228/4 mutation corresponds mology to known proteins is at the carboxy-terminal to a small deficiency that fails to complement an unrepart of the protein between amino acids 410 and 518. lated P element-induced mutation (l(3)neo19; Spradling This domain contains 4 Zn fingers of the 2Cys ϩ 2His et al., 1999), suggesting that this P element is inserted type that are homologous to Zn fingers found in the C. in proximity of sens. We screened a genomic library with elegans Pag-3 protein (87% identity; Jia et al., 1997) and DNA adjacent to l(3)neo19 and initiated a genomic walk the vertebrate Gfi-1 protein (87% identity; Gilks et al., (Figure 2 ). Since the breakpoint of Lyra 1 may be associ-1993). The Pag-3 protein has been shown to contain ated with sens mutations, we screened embryonic cDNA five Zn fingers and to affect neuronal lineages of motor libraries with the 5.9 kb genomic fragment that harbors one of the Lyra 1 breakpoints (Figure 2 ). This allowed neurons, interneurons, and touch neurons in C. elegans Staining of embryos with anti-Sens antibodies odimers with many proneural proteins, and this dimerization is essential for neuronal determination or differshowed a similar expression pattern to the mRNA (Figures 3E-3H ). With exception of salivary glands and few entiation of many SOP lineages. As shown in Figure 3L , embryos homozygous for a deficiency that removes da ectodermal cells, the protein is confined to proneural fields of some SOPs (data not shown), nuclei of SOPs (Df(2L)J27) and da 1 (data not shown) fail to express Sens protein or mRNA (data not shown). Similarly, embryos ( Figures 3E and 3F) , and differentiating cells of the PNS (Figures 3G and 3H ). Protein expression is initiated durthat lack genes of the AS-C fail to express Sens (compare Figure To determine whether proneural gene expression is In imaginal discs, sens E2 clones contain low levels of mutant cytoplasmic Sens protein several hours prior to required for Sens expression in imaginal discs, we stained eye-antennal discs of atonal mutants for Sens puparium formation. However, they contain undetectable levels of Sens protein at and after puparium formaprotein. Eye Figure 5G ). In summary, our data suggest that SOPIs may at least in part be specified in sens mutant pression is observed at puparium formation ( Figure 5D ). We conclude that Sens protein is required to further enclones as some express higher levels of Scute than the other cells of the proneural cluster. However, loss of hance and maintain expression of Scute in SOPs.
The specification of external sensory organs of anteSens activity then causes a failure to further upregulate and maintain proneural gene expression leading to cell rior wing margin has been shown to be dependent not loss in the adult imago. only on Scute and Achaete, but also on Asense (Brand et al., 1993; Dominguez and Campuzano, 1993). We therefore stained SOPs of anterior wing margin with antiSens Is Sufficient to Induce PNS Asense. As shown in Figure 5E , Asense is not expressed Organ Development in mutant SOPs, showing that Asense expression is also If Sens is required for proneural expression, ectopic expression of Sens may induce proneural gene expresdependent on Sens. We were also unable to detect Cut sion. As shown in Figure 6A , ectopic expression of Sens mutant for achaete and scute (Df(1)sc10-1) are almost using the dpp-GAL4 driver causes robust expression of devoid of micro-and macrochaetae. Overexpression of the protein in the expected wing stripe. This expression Sens (C8) in Df(1)sc10-1 flies causes few ectopic bristles causes the formation of numerous bristles and sensilla ( Figure 6M ) when compared to a wild-type background campaniforma (arrowheads, inset) in the adult wing in (Figure 6N ), suggesting that Sens requires the presence proximity of the third wing vein where dpp is normally of proneural genes. expressed ( Figure 6B) . Similarly, ectopic expression of To determine whether the proneural genes require Sens in the leg disc causes many supernumerary bristles Sens, we overexpressed Scute in the dorsal portion of in the sternopleural area ( Figures 6C and 6D) as well as in the wing disc by driving UAS-scute with apterous-GAL4 more distal portions of the leg (data not shown). Ectopic (Calleja et al., 1996) and induced mutant clones that lack bristles were observed with all UAS-sens reporters.
sens in these discs. Flies that are UAS-scute; apterousSome UAS-sens transgenes driven by dpp-GAL4 cause GAL4 exhibit numerous thoracic extra bristles ( Figure  very severe tufting in the adult notum, wings, and legs, 6O, e.g., left ring). We obtained six flies that have large and loss of tissues in other portions of imaginal discs, clones, and in each fly we observe a complete loss of e.g., wing margins and distal leg structures (data not all micro-and macrochaetae in the clone (Figure 6O,  shown) . We conclude that ectopic expression of Sens right clone). These data clearly suggest that Sens is is sufficient to initiate ectopic external sensory organ required for bristle development, even when Scute is development.
overexpressed. To determine the molecular cascade underlying the formation of the extra external sensory organs, we Ectopic Sens Expression Establishes stained wing discs of UAS-sens; dpp-GAL4 larvae with Proneural Domains anti-Scute (Figures 6E-6F . We therefore overexpressed Sens using the dppSince ectopic Sens is able to induce E(spl) expression and since elevated Sens levels are associated with low GAL4 driver in E(spl)m8-lacZ and E(spl)m4-lacZ imaginal discs. As shown in Figure 7F , wild-type discs contain levels or absence of E(spl) protein during SOP specification in normal and ectopic conditions, we wondered proneural clusters that express cytoplasmic ␤-galacto- Figure 7E ). Overexpression of Sens causes a strong induction of ␤-galactosidase staining Ortega, 1996), the component that is most downstream in the pathway should be epistatic to the more upstream associated with E(spl)m4-lacZ (data not shown) and E(spl)m8-lacZ ( Figure 7G ). This induction is not recomponent. Figure 7H shows the dorsal portion of the thorax of a dpp-GAL4; UAS-sens fly with extra bristles. stricted to cells in which Sens is expressed but can be Note the loss of scutellar bristles in Figure 7I in a dpp-GAL4; UAS-E(spl)m8 fly. As shown in Figure 7J , coexpression of both proteins always leads to a very strong reduction in supernumerary bristles in most areas, occasionally loss of bristles. Hence, ectopic E(spl) is epistatic to ectopic Sens in the pathway that specifies the SOP.
. Ectopic Expression of Sens Creates Proneural Domains (A) Expression of Scute and Sens in a wild-type imaginal disc. (B) Expression of Scute and Sens in a dpp-GAL4; UAS-sens disc. Sens induces Scute in numerous cells of the domain but not in all cells. Ectopic expression of Sens in and near the wing hinge region is ineffective in inducing Scute (circled domain) as well as other proteins (data not shown). (C and D) (C) Core of the wing pouch region of a wild-type disc and (D) dpp-GAL4; UAS-sens disc stained for Delta. Sens overexpression induces Delta expression in a domain that is just posterior to the third wing vein and reduces Delta expression in the adjacent domain that normally gives rise to the third vein. (E) Expression of Sens protein and E(spl) protein in a large proneural domain of a wild-type haltere disc. Note that both proteins are most often not colocalized. (F) Pouch region of a wing disc. Expression of Sens in a proneural cluster expressing cytoplasmic E(spl)m8-lacZ. When the cells that express

Discussion
The sens Gene Is Required for PNS Differentiation in Embryos and Adults Loss of activity of sens causes aberrant expression of all PNS markers tested in late embryos (Figure 1) . Some markers, such as Prospero and Asense, are expressed 
homolog of sens that is expressed in some cells of the PNS and CNS (R. N. and H. J. B., unpublished data).
Clonal analyses show that loss of sens during imaginal differently than Gfi-1, i.e., as a repressor, an activator, disc development leads to loss of bristles, socket cells, or both. Interestingly, a sequence that fully matches the and neurons. Unlike in embryos, this loss is paired with Gfi-1/Sens consensus sequence (TAAATCAC) is present a loss of all markers tested in SOPs or their daughters once ‫2ف‬ kb upstream of the scute and asense transcrip-(Asense, Scute, Cut, mAb22C10, and Prospero). This tion start sites and about 700 bp upstream of achaete phenotype is more severe than in embryos, suggesting as well as upstream from E(spl)m8. a more prominent requirement for Sens in larval SOPs
In the embryonic PNS nervous system, Sens is exthan in embryos. The phenotype associated with loss pressed at low levels in some cells surrounding the of sens in wing imaginal disc is similar to the phenotype SOPIs and at high levels in SOPIs, SOPIIs, and differentiassociated with the loss of scute and achaete. In addiating progeny. In imaginal discs, Sens expression is first tion, clonal analysis indicates that sens is required in observed at low levels in ectodermal cells in proximity cells in which it is expressed. We therefore conclude of many SOPs. This domain may correspond to the that sens is a cell autonomous factor required for an proneural field, which has been shown to accumulate early event in PNS differentiation. Unlike the proneural higher levels of Achaete-Scute expression than other genes, the requirement for sens is not restricted to a cells of proneural cluster ( (Figure 8 ). In ectoderthe SOP pathway is severely impaired in achaete and scute mutants. These observations also provide a momal cells, Sens normally does not play a role because none of these cells acquire enough proneural gene exlecular basis for the observations that ectopic expression of different proneural genes, including Atonal, leads pression to activate Sens at a level that is sufficient to activate proneural gene expression above a required to the production of a variety of es organs. They may all activate Sens, which in turn activates different proneural threshold. The latter statement is supported by the expression pattern of Sens, which is restricted to those genes when the cells are not in their normal cellular context. However, our data also suggest that Sens must cells that express the highest levels of proneural proteins and by the observation that robust levels of ectopic play another role that is required for the development of adult sensory organs, as overexpression of Scute in proneural gene expression must be attained to induce ectopic Sens expression. In summary, we propose that the absence of Sens is unable to promote es organ formation. This may be due to the inability of the progeny the function of Sens is to integrate proneural gene expression into the Notch signaling pathway to promote of the SOPs to survive or the inability to repress E(spl) expression (Figure 8) .
proper SOP development in the Drosophila PNS. The expression pattern of sens can be almost fully reconstructed in transgenic flies (data not shown) that , 1994, 1995 
Role of Sens in the Notch Signaling Pathway
GenBank Accession Numbers
The GenBank accession numbers for the sens gene discussed in this paper are AF212313 and AF212312.
